In studies in developing countries, closed systems for mechanically mixing and loading hazardous pesticides have been shown to reduce exposure to workers. To evaluate the efficacy of closed systems in preventing worker exposure in the developing world, a cross sectional study was conducted at rural crop dusting airports in the cotton growing region of Nicaragua. Worker exposure was evaluated by measuring the activity oferythrocyte cholinesterase in the field with a new design battery operated colorimeter. The 10 mixer loaders at four airstrips with closed systems were compared with the 16 mixer loaders at four airstrips where pesticides were hand poured. Paradoxically, cholinesterase activity was 1 1 IU/ml blood (95% Cl 0-49-1-8) lower (inhibited) among workers in airstrips with closed systems than among workers hand pouring insecticides, after adjusting for weight of organophosphates sprayed in the past 14 days, and for prior training in safe use of pesticides. Mixer loaders with prior training had cholinesterase activity 0-83 IU (95% Cl 0-301-4) higher than untrained workers, and the weight of organophosphates sprayed was also a statistically significant predictor in the model. Unfortunately, management viewed the closed systems primarily as a production to6l, rather than as a way to protect workers. Airstrips with closed
with closed systems had received formal training in safer use of pesticides. Because of shortage of personnel and transport, it was difficult for the responsible government agencies to train workers adequately and to enforce pesticide health and safety standards at multiple dispersed worksites.
Mixing and loading pesticide concentrates into crop dusters is one of the jobs most highly exposed to pesticides. To protect mixer-loaders, California has passed pioneering regulations requiring the use of closed system mixing and loading equipment at crop dusting airstrips where workers are exposed to US Environmental Protection Agency category I (most hazardous) pesticides.' These systems, consisting of a pump and tubing, which automatically mix and load crop dusters without workers having contact with pesticides, are reported to decrease worker exposure by as much as 10 fold. 2 Pesticide poisoning has long been a major public health problem on Nicaragua's northern Pacific coastal plain, comprising the departments of Leon and Chinandega, the country's principal cotton growing region.' The large cotton fields are traditionally sprayed with acutely toxic organophosphate insecticides by crop dusting aeroplanes as many as 28 times in one season.7 In 1984 there were 27 poisonings reported in one year among a total of only 200-300 mixer-loaders in the region.6 As a result, starting in 1985 closed system mixing and loading units were installed in a pilot programme to prevent poisonings and to shift mixing and loading from the airports in the cities to smaller landing strips away from the major population centres. Closed systems were offered at nominal cost to all 50 licenced airstrips in the region, but had been purchased by only 21 at the time of this study.
To evaluate the efficacy of the closed systems in preventing exposure ofmixer-loaders to pesticides in a Third World setting, a cross sectional study was conducted comparing symptoms and exposure to pesticides among workers at airstrips with and without closed mixing and loading systems. Forty two healthy, male health workers in administrative, clerical, or maintenance jobs in the regional health authority in Leon, Nicaragua were sampled to establish a lower normal limit of cholinesterase activity of 3 7 international units (IU)/ml blood (mean 4 5; standard deviation (SD) 0 54; 90% confidence interval (90% CI) 3 7-5 6; range 3 7-5 7). All these workers reported that they had no history of exposure to pesticide during the three months before the examination.
Methods
Confidence intervals for relative risk of low cholinesterase activity for various risk factors were calculated using the test based method of Miettinen.8 Differences between mean cholinesterase activities were calculated using a t statistic for a pooled variance estimate.9 Multiple linear regression was done using SPSS-PC.'0
Results
Organophosphate pesticides sprayed from one or more of the airstrips during the two weeks before the study included acephate, chlorpyrifos, ethyl parathion, malathion, mephosfolan, methamidophos, and methyl parathion. Seventy one per cent (by weight) of organophosphates applied at the eight airstrips were applied at the four airstrips with closed mixing and loading systems (32 504 lb compared with only 13 586 lb at the airstrips without closed systems). There was an average of 2 5 mixer-loaders at airstrips with closed systems (range 2-3) compared with an average of 4 0 at airstrips without closed systems (range [3] [4] [5] . The difference between the weight of organophosphates applied per mixer-loader in the two types of airstrips was even more pronounced than that between airstrips (3250 lb per worker at the closed system airstrips compared with 849 lb at the airstrips without closed systems). The airstrips without closed systems generally used more potent (US Environmental Protection Agency category I) cholinesterase inhibiting organophosphates (12 893 (95%) of 13 586 lb total organophosphates) than did airstrips with closed systems (26 277 (79%) of 32 504 lb total).
Of the 33 study participants, seven were supervisors who had less direct contact with pesticides than did other mixer-loaders. The mean erythrocyte cholinesterase activity was 4-3 IU/ml blood (SD 0-29; range 3 9-4-7) among the seven supervisors, compared with 3 7 IU (SD 0-74; range 24-5 0) among all 26 other mixer-loaders (difference = 0-6 IU; 95% CI = 0, 1-3). All supervisors had activity in the normal population range (compared with 16 (62%) of the other 26 mixer-loaders). Because they were less exposed, supervisors were excluded from subsequent analyses. Table 1 compares the 26 non-supervisory mixerloaders at the two types of airstrips with regard to demographic characteristics and potential risk fac- Table 2 presents the relation between cholinesterase activity and risk factors for low cholinesterase activity. Paradoxically, the mean cholinesterase activity of workers at airstrips with closed systems (mean 3-3 IU/ml blood; SD 0-60; range 2-4-4-1) was lower (worse) than among workers at airstrips without closed systems (mean 3-9 IU/ml blood; SD 0-75; range 2-6-5-0). The mean cholinesterase activity among workers with closed systems was less than the lower normal population limit of 3-7 IU/ml blood. Previous training in the safe use of pesticides appeared to have a protective effect against depression ofcholinesterase activity. Although there was a lower proportion of workers with low cholinesterase activity and slightly higher mean cholinesterase activity among workers with personal protective equipment and access to soap, the differences were not statistically significant. No relation was found between symptoms compatible with organophosphate exposure and cholinesterase activity.
In a multiple linear regression procedure, cholinesterase activity was modelled as a function of work with closed systems, controlling for history of training in the safe use of pesticides and weight of organophosphates applied per mixer-loader at each airstrip. The model was a good predictor of erythrocyte cholinesterase activity (adjusted r2 = 0-39; F = 6-40; p = 0-003). The presence of a closed system was still associated with 1-1 IU/ml blood lower cholinesterase activity (95% CI 0-49-1-8), even after controlling for potential confounders. Those workers who had received previous training in the safe use of pesticides had mean cholinesterase activity 0-8 IU/ml blood higher than those who had not (95% CI 0 3-1 -4). Weight of organophosphates (lb) applied per worker at the airport (as a continuous variable) was also significantly associated with lower cholinesterase activity (95% CI 2-0 x 10'-3-8 x 10 ). The availability of personal protective equipment (gloves, overalls, and rubber boots) and of soap were not significantly associated with lower Although it is not clear that the two groups were strictly comparable in this important respect before the installation of closed systems, it was reported by workers that the weight of pesticides sprayed had increased in those airstrips where closed systems were installed. After controlling for the weight of organophosphates applied and other potential confounders, the presence of closed systems was associated with lower cholinesterase activity. The transfer of hazardous industrial technology to the Third World has been criticised, because often the protective technology used in the developed world is not also transferred." We believe this study shows the paradox of increased hazard associated with the transfer of a protective technology that is inappropriately applied to the Third World. Unlike developed countries, where use of a pump (with or without closed system technology) is routine in crop dusting airstrips, the owners of the Nicaraguan airstrips viewed the closed systems as a production tool (not as a health promotion tool). The owners of the airstrips were eager to buy the closed systems because the subsidy provided for the system made it cheaper than buying a pump alone on the open market. The use of a pump made it possible to fill the crop dusters much faster than with the traditional hand pouring method. The owner could spray his own crops faster, employing fewer mixer-loaders, and he could rent the use of the airstrip to his neighbours. This may have accounted in part for the greater use of pesticides by the closed system airstrips. Also, although the proper use of the closed system was faster than hand pouring concentrate and water diluent, the fastest way to load a crop duster was to load the water diluent by pump and to hand pour the concentrate. In cases where this occurred, it is likely to have resulted in considerably greater exposure than if the whole loading process (water and concentrate) were done by the slower hand pouring method.
In reviewing the California publications on the prevention of exposure by closed systems, it is clear that proper training is considered essential to the success of the equipment,"-14 and an important result of this study was the finding of the beneficial effect of training in reducing exposure. In a survey of these eight airstrips before the spraying season (four months before this study) only one of the 26 (nonsupervisory) mixer-loaders in the study was identified as being assigned to that task. The haphazard assignment of untrained personnel to this job and the high turnover of workers made improper use of the equipment likely. It also made it difficult to guarantee proper training for the workers.
A comprehensive plan to distribute personal protective equipment to workers, to conduct training seminars in safe use of pesticides, and to guarantee maintenance of the closed systems enjoyed support from three government ministries, the Agricultural Workers Union, and a consortium of non-government agencies. Unfortunately, as well as the problem ofhigh turnover ofmixers and loaders, it was difficult to get workers organised to come to a central location for training, and the lack of qualified personnel and transport made it extremely difficult for the Ministry of Health and the Ministry of Labour to reach the 50 rural airstrips in the region to train workers in proper use of closed systems and to obtain baseline cholinesterase activity before the start of spraying. It was difficult for the Ministry of Labour to enforce worker removal or job transfer provisions for workers with low cholinesterase activity or to sanction management for improper use of the closed systems.
By contrast with studies in developed countries, the availability of overalls, gloves, and boots had no influence on cholinesterase activity. Although dermal absorption is the most important route of exposure," in practice workers rarely used gloves (perhaps the most important protection) and rarely wore respirators because the temperature often exceeded 32°C in the shade. The absence of any association between symptoms and depression of cholinesterase activity has also been reported in other -c 0-studies, where symptoms have sometimes been found associated with chronic depression of cholinesterase activity and sometimes not.6"7"8 Possible reasons include the absence of an unexposed comparison group, the limited power inherent to the small sample size, and the inability to evaluate the rate of decline of cholinesterase activity (an important determinant of symptoms).
In conclusion, the paradox presented by the failure of closed system pesticide mixing and loading to prevent exposure to organophosphates may be relevant to other Third World countries, and aid agencies considering the installation of closed systems for the prevention ofpesticide poisoning should consider carefully the initial Nicaraguan experience. There are few data from other developing countries, but those that exist document overexposure of workers engaged in mixing and loading crop dusters for cotton spraying."9 '2 Although we continue to believe that closed system pesticide mixing and loading equipment can help prevent pesticide poisoning and pesticide overexposure, it is difficult to properly service multiple dispersed sites. We believe that spraying activities should be concentrated into a few large airstrips where closed systems can be installed and adequate supervision can be given to their use (as well as to work practices to prevent environmental contaminaion). Prospective studies should be conducted to evaluate the effect of closed systems on the weight of pesticides applied and to evaluate the change in cholinesterase activity (or other indices of exposure) associated with the introduction of closed systems. Finally, the problem of pesticide poisoning will not be solved until non-chemical alternatives for pest control can be implemented successfully.
